Using the Southern blot procedure, we studied the presumed spleen focus-forming virus (SFFV) provirus integration sites in the genome of the premalignant and the malignant cells isolated during the course of Friend erythroleukemia. Two restriction endonucleases, PstI and BamHI, discriminated the presumed integrated SFFV proviruses from the endogenous xenotropic-mink cell focus-forming viral sequences. No SFFV integration sites were detectable in the premalignant cells, suggesting a random integration of SFFV proviruses in the genome of these cells. In contrast, SFFV proviruses were detected at a single or very few sites in the genome of all malignant cells we analyzed. These results indicate that the event leading to the malignant transformation in acute Friend leukemia is clonal. In two of the six animals examined, tumors cells isolated from the spleens and the livers of individual mice showed identical SFFV integration patterns. This last result suggests that in some cases different tumors in a same leukemic animal could be derived from a unique clonal event.
Acute Friend erythroleukemia induced in susceptible mice by the Friend leukemia retroviral complex appears to be a multistep disease (19) . The first phase is characterized as early as 30 h after virus infection by a massive proliferation in the spleen of erythroid precursor cells which differentiate along the erythrocytic pathway. These cells, called hyperbasophilic Friend cells, do not seem malignant, as judged by their inability to give rise to transplantable tumors in vivo or to permanent cell lines in vitro (18) . The second phase is characterized by the emergence, 20 days after infection, of truly malignant proerythroblastic cells which are serially transplantable into isogenic hosts and grow as permanent cell lines in vitro (5, 12, 23) .
The polycythemia-inducing Friend virus is a complex consisting of a replication-defective spleen focus-forming virus (SFFVp) and a replication-competent Friend murine leukemia virus (F-MuLV). Biological and molecular studies have demonstrated that spleen focus-forming virus (SFFV) is directly responsible for the enhanced proliferation of the erythroid cells in the first step of Friend leukemia (6, 9, 11) . Whether the SFFV genome is also implicated in late malignant erythroid cell transformation has been suggested only by previous studies (4, 24 The integration sites of SFFV provirus were determined by digesting high-molecular-weight DNA from infected tissues with restriction endonucleases which cleave the proviral DNA at a single internal site. Our work was limited to defining the 3' end of the SFFV genome and its flanking cellular sequences by hybridization with the SFFV env probe. This nonecotropic SFFV-specific probe (13) derives from the env xenotropic-mink cell focus-forming (MCF) area of the SFFV genome (20) . Therefore, it also detects the xenotropic-MCF sequences genetically transmitted in the mouse genome (1, 7) . Thus, the crucial point of this study was the identification of restriction endonucleases which would discriminate between the presumed proviral SFFV and the endogenous viral sequences. Both PstI and BamHI enzymes appeared interesting in this respect. The premalignant and malignant Friend cells were isolated by a procedure already described (14) from ICFW mice infected with either of the two Friend virus complexes, the N-tropic polycythemia-inducing Friend virus (FLV-P-Y) originally provided by Yoshikura (25) or the molecularly cloned Btropic Lilly-Steeves strain of SFFVp (10) pseudotyped by the biologically cloned F-MuLV P-5 (22) :SFFVp(I-5). PstI endonuclease patterns from premalignant and malignant cells were compared with those from uninfected tissues (spleen, liver, and brain) (Fig. 1) The patterns of BamHI-digested DNAs are shown in Fig.  2 . An identical pattern was observed for the DNAs from the normal tissues and from the premalignant spleens. The fact that no additional PstI or BamHI fragments were detected in the highly virus-infected hyperbasophilic Friend cells demonstrates that the initial infection of the erythroid target tissue by SFFV results in the random integration of SFFV proviruses in the cellular genome. The banding patterns of BamHI-digested DNAs from the tumors cells showed additional proviral copies in 11 of the 16 tumors tested. Their number (two to five) and respective sizes (2.1 to 30 kbp) are given in Table 1 . The apparent absence of extra BamHI fragments in five tumors might be due to their comigration with endogenous sequences. (Table 1) ; second, although MCF virus production was systematically found in erythroid tumors isolated from ICFW mice initially infected with the ecotropic F-MuLV (I-5) (D. Mathieu-Mahul, personal communication), no additional PstI or BamHI fragments were detected in these tumors (P-5 IW1-32, I-5 IW1-38, I-5 IW1-11, I-5 IW1-5, I-5 IW1-9; Fig. 1 and 2 ). This argument, although indirect, strongly suggests that the extra bands might correspond to the integrated proviral SFFV. These data constitute the first strong (although not definitive) evidence that the integration sites of SFFV proviruses can be revealed in the genome of Friend tumor cells.
According to the relative intensities of SFFV proviral bands observed in the DNA digests from tumor cells and FlG. 1 . Identification in Friend tumor tissues of SFFV proviral DNA by digestion with Pstl restriction endonuclease. High-molecularweight DNAs were extracted from the nuclei of frozen tissues, treated with proteinase K (50 ,ug/ml) and pancreatic RNase (10 ,ug/ml), and extracted three times with phenol-chloroform-isoamyl alcohol (1:1:0.02). After exhaustive dialysis against 5 mM Tris-hydrochloride (pH 7.8)-100 mM NaCI-1 mM EDTA, the DNAs (10 ,g) were digested to completion for 8 h at 37°C with a 5-to 10-fold excess of PstI enzyme. The digested DNA fragments were separated by electrophoresis on a 0.7% agarose gel, transferred to a nitrocellulose filter as described by Southern (17) and hybridized under stringent conditions with a 32P-labeled probe synthetized by nick translation. The SFFV-specific probe was a 400-base-pair BamHI-SmaI env segment mapping 4.4 to 4. from cloned SFFV-NRK cells, newly acquired proviruses appeared to be in equimolar amounts, each representing a single copy. This result demonstrates that each tumor is a homogenous cell population with respect to the integration In conclusion, the experiments described in this study do not provide direct evidence that SFFV plays a role in the malignant process but strongly suggest that this process starts from a clonal event. It remains to be seen whether the selection of a tumor clone is favored by the integration of SFFV in a site critical for cellular tumorigenic transformation. The apparent heterogeneity with regard to the sizes of the SFFV proviral bands does not rule out the possibility that the SFFV proviruses were integrated in a single larger domain. Specific insertions of proviral sequences into a distinct chromosomal region of the cellular genome has been recently described in other murine systems (3, 8, 16, 21) . Further studies on the molecular characterization of the presumed SFFV integration sites may determine whether an insertional mutagenesis mechanism is involved in the development of Friend leukemia.
